Crowd safety is a major concern for those attending and managing mass gatherings, such as the annual Hajj or pilgrimage to Mecca (also called Makkah). One threat to crowd safety at such events is crowd density. However, recent research also suggests that psychological membership of crowds can have positive benefits. We tested the hypothesis that the effect of density on safety might vary depending on whether there is shared social identification in the crowd. We surveyed 1,194 pilgrims at the Holy Mosque, Mecca, during the 2012 Hajj. Analysis of the data showed that the negative effect of crowd density on reported safety was moderated by social identification with the crowd. Whereas low identifiers reported reduced safety with greater crowd density, high identifiers reported increased safety with greater crowd density. Mediation analysis suggested that a reason for these moderation effects was the perception that other crowd members were supportive. Differences in reported safety across national groups (Arab countries and Iran compared with the rest) were also explicable in terms of crowd identification and perceived support. These findings support a social identity account of crowd behavior and offer a novel perspective on crowd safety management.
social cure | social support | social groups T he annual Hajj, or pilgrimage to Mecca (also called Makkah) in Saudi Arabia, is one of the world's largest mass gatherings. The official number of pilgrims who attended in 2012, for example, was over 3 million. The safety of pilgrims has long been a concern to those organizing and attending the Hajj. The Hajj involves rituals at specified spiritual locations during a certain 5-d period each year. Given the number of people seeking to be in the same locations at the same time, therefore, one possible threat to crowd safety is the level of crowd density.
The link between crowd density and risk to crowd safety has been suggested in a number of accounts (see, for example, refs. 1 and 2). High-density flows are said to be a proximal cause of crushing disasters at the Hajj (3). Thus, this was one explanation for the disaster in 2006 when 346 pilgrims died as they attempted to "stone the devil" (4) . Furthermore, the period in which the number of pilgrims attending the Hajj doubled from 1 million to 2 million (i.e., 1982-2010) also saw a large number of major crowd disasters (1994, 1998, 2001, and 2004) , which again suggests a link between crowd density and risk to crowd safety.
Following these crowd disasters, considerable resources were invested in improving crowd safety at Hajj locations, including most notably the redesign of Jamaraat Bridge (5) . Indeed, since 1992 over £200 billion has been spent on these projects (6) . Although crowd safety has been hugely enhanced at the Hajj since 2006 and a more scientific approach to risk assessment has developed, arguably there has been a neglect of the positive potential of the crowd itself to crowd safety. Overwhelmingly, crowd safety solutions have been understood as purely technological in nature, comprising contributions from engineering, mathematics, and architecture, but not crowd psychology. In existing approaches to understanding and enhancing crowd safety at the Hajj, therefore, the crowd is either excluded or, worse, treated as simply an inherent source of pathology, for example, through "stampedes" and the spread of diseases (7, 8) .
An alternative perspective on crowd safety is suggested by the social identity approach in psychology (9) . This approach has been applied to understanding a wide range of crowd phenomena, including crowding and "personal space" (10), urban riots (11), football crowds (12), protest demonstrations (13), mass emergency behavior (14) , and audience experiences at music festivals (15) . The social identity approach has also been applied to analyzing behavior at religious mass gatherings, through a program of research on the Indian Mela pilgrimage (16, 17) .
The social identity approach suggests that, as well as personal identities (which are unique and which differentiate us from other individuals), we have multiple social identities, which are based on our group or social category memberships (9) . Sharing a social identity with others in a crowd-defining these others as "us" (or "in-group") rather than "them"-has cognitive, behavioral, and affective consequences (18) . Importantly, one of these consequences is increased expectations of social support from others in the crowd (14, 19, 20; cf. 21) .
In situations of high crowd density, dangers include that of falling and being trampled or, far more commonly, of being crushed while upright (1, 22) . However, such dangers will be reduced where others are considerate and ready to come to one's aid. Based on the previous research, we suggest that the expectation that there is such support will be enhanced where there is shared social identification in the crowd (23) . If this formulation is correct, social identification should moderate the negative effect of crowd density on reported safety at the Hajj.
However, these hypotheses have not yet been tested. Indeed, there is a distinct lack of social psychological research on mass gatherings. Although recent studies of the Hindu Mela investigated the role of social identification on factors, such as wellbeing (24) , Significance A large-scale survey of pilgrims on the Hajj to Mecca (also called Makkah) showed that where there is identification with the crowd the negative effect of crowd density on safety is diminished or even reversed: a new finding. The reason that identification with the crowd moderates the effect of density on safety is because crowd identification increases the perception that others will be supportive. This process also helps to explain national differences among pilgrims in feelings of safety during the event. In contrast both to engineering approaches, which neglect crowd psychology, and traditional crowd psychology, which assumes that the crowd is inherently a "problem," this study shows how the crowd can be part of the solution in crowd safety management.
noise (25) , and cold (26), they did not examine crowd density or safety issues. More specifically, very little social psychological research has been carried out on the Hajj, despite its huge cultural significance and the number of serious crowd accidents that have occurred there in the past. An exception is the study by Clingingsmith et al. (27) ; but this surveyed pilgrims only after traveling to Mecca, and provided no analysis of crowd behavior. Therefore, no previous study has examined the role of social psychological factors in crowd safety among pilgrims during the Hajj, which was the aim of the present study.
The Present Study
The present study focused on crowd density, social identification, and reported safety in the specific location of Al- (Fig. 1) . The Holy Mosque's total capacity was 2 million. If full, this meant that the building could accommodate an average crowd density level of at least four people per square meter (4 ppm 2 ). However, at certain locations, levels of density have often exceeded this, and as people get closer to the Kaaba levels of 6-8 ppm 2 have been observed (29) . Fig. 2 provides an illustration of a relatively high level of density in the Holy Mosque during the time of the research described here. The Holy Mosque was chosen as the site at which to survey pilgrims because it is an extremely crowded place during the Hajj where there is a clear potential for crowd accidents. Based on the research and theory described above and other considerations, we surveyed pilgrims to test the following hypotheses.
The baseline hypothesis was simply that as crowd density increased, so would the reported level of safety decrease. Second, we expected that each of the following variables would increase reported levels of safety: social identification, expected support, and management competence. We measured three loci of social identification: identification as a Muslim, identification with the crowd, and perceptions of other crowd members' identification as Muslim (i.e., the extent to which they were seen as good ingroup members). We included management competence as a predictor of safety on the assumption that pilgrims' beliefs in the ability of Hajj personnel to manage the events effectively would make them feel safer.
The most novel hypothesis was that social identification would moderate the effects of density on reported levels of safety. Neville and Reicher (15) distinguish between "social identification with a social category" and "shared social identification with others in the crowd." They authors suggest that the latter is a better predictor of behavior in relation to others in the crowd than the former. We therefore expected to find a relationship of moderation for both identification with the crowd and perceptions of others' identification as Muslim (because each of these refer directly to shared identification with others in the crowd), but no moderation effect for identification as Muslim (because this corresponds to identification with a social category). A first auxiliary hypothesis for the moderation is that the negative relation between crowd density and safety should only hold for those relatively low in identification. A second auxiliary hypothesis is that density will actually increase safety for those high in identification with the crowd. The reasoning behind this is that, if safety is in part a function of perceived support from those one identifies with, the more of these others present (measured in increased density), the greater the level of safety.
Fourth, we tested the hypothesis that the reason for this moderation effect is because identification with the crowd and perceptions that others identify as Muslims each increase perceptions of support, which in turn increase reported safety.
Finally, if the hypothesized social psychological mechanisms behind (at least some of) the safety of the crowd are correct, we would also expect them to help explain demographic differences in safety. Our specific hypothesis was that any differences among national groups in reported safety would be an indirect effect of both identification with the crowd and perceived support.
Results
Descriptive Statistics and Correlations. Inspection of the density data revealed that 10 cases were outliers: seven participants were scored at 0 ppm 2 (here the research assistant could not estimate the number of people per square meter) and three were scored at implausibly high density (12 ppm 2 and 15 ppm 2 ). The data from these participants were removed, leaving 1,184 participants in the final dataset. The modal score for density was 4 ppm 2 , which was below the mean for this measure (Table 1) , and the range was 1-9 ppm 2 . Other descriptive statistics are presented in Table 1 . It can be inferred that the dependent variable-namely safety-exhibited reasonable response variability, which suggests that the scale adequately captured the participants' responses. At the same time, this measure and the hypothesized predictors and mediators all exhibited scores over the theoretical mean of the scale, which suggests that respondents felt positive about all these factors. Thus, one-sample t tests indicated that safety was significantly greater than the scale neutral midpoint, t(1,181) = 56.33, P < 0.001, indicating that people felt safe. Scores for management competence were also significantly greater than the scale neutral midpoint, t(1,183), 32.78, P < 0.001, indicating high levels of agreement that the Hajj management were competent. Identification as a Muslim was also significantly greater than the scale neutral midpoint, t(1,183), 81.32, P < 0.001. Others' identification as a Muslim was also significantly greater than the scale neutral midpoint, t(1,183), 84.66, P < 0.001. Identification with the crowd was also significantly greater than the scale neutral midpoint, t(1,183), 74.99, P < 0.001. Finally, perceived support was significantly greater than the scale neutral midpoint, t(1,183), 57.11, P < 0.001, suggesting that support from others in the crowd was strongly perceived and expected. Table 1 also shows that the preconditions for the predicted regressions and mediations are all in place, in that there was a negative (but weak) correlation between density and safety, but positive correlations between each of all of the other variables: safety, management competence, identification as a Muslim, others' identification as Muslim, identification with the crowd, and perceived support.
Predictors, Moderators, and Mediators of Safety. To test the baseline hypothesis concerning the effect of density on safety, we carried out a regression analysis. As expected, as density increased so safety decreased, β = −0.061, t(1,180) = −2.087, P = 0.037. Density also explained a significant proportion of variance in feelings of safety, R 2 = 0.004, F(1, 1,180) = 4.356, P = 0.037. A multiple regression was run to test whether safety could be predicted from the five psychological variables. As a set, the five factors accounted for 28% of the variance, R 2 = 0.28, F(5, 1,176) = 82.29, P < 0.001. When controlling for each of the other variables, all were significant predictors: identification as a Muslim (β = 0.09, P = 0.005), others' identification as Muslim (β = 0.12, P = 0.002), identification with the crowd (β = 0.22, P < 0.001), perceived support (β = 0.16, P < 0.001), and management competence (β = 0.132, P < 0.001). Thus, as expected, each of these variables predicted safety.
To test the hypothesis that identification with the crowd moderates the effect of density on safety, we conducted a moderation analysis using the Hayes Process tool (30, 31) . As expected, identification with the crowd reduced the effect of density on safety ( Table 2 ). Simple slopes analysis (Fig. 3) shows that, at relatively low levels of identification with the crowd (blue line), as density increased so safety decreased, b = −0.07, 95% BCa confidence interval (CI; −0.139, −0.001), t = −2.00, P = 0.05. However, at high levels of identification with the crowd (beige line), as density increased so safety actually increased, b = 0.05, 95% BCa CI (0.01, 0.10), t = 2.20, P = 0.03.
Further in line with predictions, others' identification as Muslim also moderated the relationship between density and safety, b = 0.07, SE B = 0.03, 95% BCa CI (0.02, 0.13), t = 2.47, P = 0.01. Simple slopes analysis found that, at relatively low levels of belief that others identify as Muslims, as density increased so safety decreased, b = −0.08, 95% BCa CI (−0.15, −0.01), t = −2.40, P = 0.02. However, at high levels of belief that others identify as Muslims, as density increased, safety did not decrease, b = 0.04, 95% BCa CI (−0.01, 0.09), t = 1.60, P = 0.11. Again in line with predictions, identification as a Muslim did not moderate the relationship between density and safety, b =0.03, SE B = 0.03, 95% BCa CI (−0.03, 0.09), t = 0.91, P = 0.36.
To test the prediction that perceived support would mediate the relationship between identification with the crowd and safety, we conducted mediation analyses based on 5,000 bootstrap samples using the Process tool (31). As expected, there was a significant indirect effect of identification with the crowd on feeling safe through perceptions of support, b = 0.15, 95% BCa CI (0.10, 0.20), κ 2 = 0.11, which represents a medium effect (32) . In other words, perceived support mediated the effect of identification with the crowd on safety (Fig. 4) . Given that perceptions that others in the crowd identified as Muslims also moderated the negative effect of density on safety, we also carried out a mediation analysis on this variable. As expected, there was a significant indirect effect of perceptions that others identify as Muslims on feeling safe through perceptions of support, b = 0.16, 95% BCa CI (0.11, 0.22), κ 2 = 0.12, which again represents a medium effect (32). We now present tests of difference in safety across the major demographic divisions in the sample: sex, age, and nationality (organized by regional Hajj establishment). Where meaningful, we examined whether any such differences were at least partly explicable in terms of identification and perceived support in the crowd. Analysis of variance indicated that there was no significant difference in safety between males (mean = 5.85, SD = 1.09) and females (mean = 5.78, SD = 1.14), F(1, 1,180) = 1.09, P = 0.29, ηp 2 = 0.001. Analysis of variance indicated an overall significant difference in safety across the different age categories, F(4, 1,177) = 3.12, P = 0.015, ηp 2 = 0.01. Bonferroni post hoc tests showed that the difference between 40-49 y olds (mean = 5.91, SD = 1.02) and 20-29 y olds (mean = 5.56, SD = 1.58), was significant, P = 0.037, with the former reporting greater safety than the latter. There were no other significant differences between the age groups.
Analysis of variance indicated an overall significant difference in safety across participants from the six different Hajj establishments, F(5, 1,176) = 15.09, P < 0.001, ηp 2 = 0.06. Table 3 displays means and SDs. Bonferroni post hoc tests showed that there was a significant difference in safety between pilgrims from the Arab countries and those from the following establishments: South-East Asia (P < 0.001), South Asia (P < 0.001), America, Australia, and Europe (P < 0.001), and non-Arab African countries (P = 0.003). There were also significant differences in safety between pilgrims from Iran and those from the following establishments: South-East Asia (P < 0.001), South Asia (P < 0.001), America, Australia, and Europe (P < 0.001), and nonArab African countries (P < 0.001). There was no difference in safety between pilgrims from Iran and those from Arab countries (P = 0.662). We then examined whether the process behind these differences in safety was a function of crowd identification and thus perceived support. Because there was a significant difference in safety between two particular establishments (Arab countries and Iran) and the rest, we used this as the basis for further tests. If identification with the crowd and perceived support were behind the difference in safety between the establishments, then we would expect pilgrims from Iran and Arab countries to differ from pilgrims from other establishments on these measures as well. Table 3 provides some support for this assumption. The two highest scoring establishments for safety were also the two highest scoring establishments for identification with the crowd. Similarly, two of the three highest scoring establishments for perceived support are those same two establishments: Arab countries and Iran. The final step was to run a mediation analysis by coding the Arabian and Iranian participants as 1 and those from all of the other establishments as 0. Identification with the crowd and perceived support were entered simultaneously as mediators, with safety as the dependent variable (33) . As expected, there was a significant indirect effect of Hajj establishment on safety through each of perceived support, b = 0.07, 95% BCa CI (0.03, 0.11) and identification with the crowd, b = 0.16, 95% BCa CI (0.10, 0.23). In other words, it was (at least in part) because of perceived support and identification with the crowd that those from Arab countries and Iran felt especially safe at the Hajj compared with pilgrims from the other countries.
Discussion
This survey of pilgrims attending the 2012 Hajj showed that, although increasing levels of crowd density reduced feelings of safety, this effect was moderated by identification with the crowd and perceptions that others identified as Muslim. Specifically, those who were high in identification with the crowd actually felt more safe as density increased. In addition, those who were high in perceptions that others identified as Muslims were not affected by the increase in density. Mediation analysis was consistent with the idea that this moderation effect was because of the perception that others in the crowd were supportive, which was higher the more that people identified with the crowd. This same relationship was found for those pilgrims from Arab countries and Iran compared with those from other countries, whose greater reported safety was explicable in terms of their crowd identification and perceptions of support.
Although the Hajj has a number of unique features, the design of the present study gives us some confidence in the validity and generalizability of these findings. On validity, the measure of crowd density was taken independently of, and hence was uncontaminated by, respondents' perceptions. Furthermore, the measures of pilgrims' feelings of safety were taken when they were actually in the crowd, and therefore could not be subject to distortions of memory. On generalizability, we sampled across the different language groups in proportion to their representation at the Hajj. Our sample was also representative of the sex division and partly representative of the different nationalities of those present at the Hajj. Therefore, the findings cannot easily be attributed to particular features of the sample.
The conclusion we draw from our findings is that the Hajj crowd can contribute to crowd safety. This conclusion is novel and goes beyond existing work on the Hajj crowd in the physical sciences, computer modeling, architecture, engineering, and medicine (3-5, 7, 8) , which largely neglects the positive contribution of Fig. 3 . Simple slopes equations of the regression of safety on density at three levels of identification with the crowd. Note: Low = 1 SD below the centered mean; high = 1 SD above the centered mean. crowd behavior to crowd safety. Importantly, the notion that the crowd can reduce danger also contradicts an assumption of classic crowd psychology, that the crowd is a conduit for pathology (34) (35) (36) . Instead, the findings presented here are in line the social identity approach, echoing not only early social identity research on crowds (37) , but also recent evidence of the "social cure" (38) in small groups, which similarly shows that identification with others reduces stress through increasing perceived and expected support (39) .
To our knowledge, the present study is the first to investigate social psychological questions through surveying pilgrims during the Hajj. There are a number of reasons for the previous neglect of this event in psychological research, including difficulties of access. For the researcher who is able to enter Mecca, there are still difficulties that will necessarily impinge upon research design. For example, understandably people may not be willing to give time to be surveyed, because praying to God is far more important to them. Thus, it is possible that our sample (i.e., those who did not refuse) were somewhat self-selecting. This aspect may be reflected in an overrepresentation in our sample of those with higher levels of education, who were perhaps the people more likely to recognize the value of scientific research. However, because there are no official figures on the educational background of pilgrims at the Hajj, this point must remain somewhat speculative.
Like most survey studies and mediation analyses, the present results are essentially correlational. Although the sequence of relations tested here made theoretical sense, others are also possible. For example, perceiving that others are acting supportively could increase the belief that they are "good Muslims." However, in this case, the measure of perceived support also included an item on expected support, which makes the reverse reading less plausible. Moreover, some possible reverse interpretations of our findings are still in line with the self-categorization theory being tested here; for example, feeling safe might lead high-identification Muslims to gravitate to the most dense areas of the crowd (10) . Indeed, researchers examining effects of social identification on other aspects of health and wellbeing have reported a similar reversed causal sequence, which, like the present finding, can be seen as evidence of a "virtuous circle" of identification, social support, and wellbeing (40) . A final caveat is that these findings should not of course be interpreted to mean that there is a linear effect of increasing density on safety for those high in identification with the crowd. At a certain level (>7-8 ppm 2 ), crowd density becomes dangerous; people lose the ability to move independently (1), let alone to be considerate or give support to others.
Although this study provides evidence for the role of crowd behavior in enhancing safety within a dense crowd at one of the largest mass gatherings in the world, it also showed that intergroup relations were important. Thus, the perception that those in management are competent was also associated with increased feelings of safety, as was expected. We referred at the start of this report to the huge amount of resources and intellectual energy that has been poured into the Hajj to enhance crowd safety. These infrastructure and technological improvements to the management of the Hajj have increased crowd safety since 2006, even as the numbers arriving in Mecca have increased further as world travel becomes accessible for more people. The findings of this report, based on predictions from social psychology, complement these advances in crowd safety. The findings also point to the need among those managing the Hajj to include pilgrims' views and perceptions, as well as the standard behavioral indices, in their risk-assessment calculations. We therefore hope that these findings contribute to a broadening in the understanding of crowd safety so that the behavior of the crowd is seen as a potential "solution" instead of inherently a "problem."
Methods
Participant Recruitment. We surveyed 1,194 pilgrims, with an estimated sampling error of <3%. We sampled by the main languages shown in previous research to be broadly in proportion to their representation at the Hajj (41): 420 (35%) were Arabic speakers, 150 (13%) of Malay, 150 (13%) of Urdu, 120 (10%) of French, 120 (10%) of Persian, 120 (10%) of Turkish, and 114 (9%) of English. We sampled pilgrims across the three phases of the Hajj in which the Holy Mosque would be most busy. Three-hundred and eightythree (32.1%) participants were sampled in the 9 d before the Hajj rituals when pilgrims came to the mosque for their first Tawaf, 536 (44.9%) were sampled during Hajj over 3 d, and 275 (23.1%) were sampled in the 6 d after the Hajj rituals. The number of participants surveyed inside the Holy Mosque was 436 (36.4%) whereas the number surveyed on the plaza immediately outside the Holy Mosque was 758 (63.3%).
Sample Characteristics. Of the participants, 768 (64.1%) were male and 426 (35.6%) were female. This result matches exactly the proportion of males to females in the population attending Hajj in 2012 (42) . The study included participants from 72 countries. The majority of pilgrims attend through arrangement with six Hajj travel establishments, or travel agencies, who are organized by country or geographical region. Because they are delineated geographically, this provides a useful summary of the nationalities of our participants. There were 242 participants (35.1%) from Arab countries, 221 (18.4%) from America, Australia, and Europe (including Turkey), 165 (13.8%) from South Asia (including India, Pakistan and Bangladesh), 155 (12.9%) from South East Asia (including Indonesia and Malaysia), 121 (10.1%) from Iran, and 111 (9.3%) from the non-Arab African Countries. These proportions are partly in line with official figures on the distribution of pilgrims from the different Hajj establishments [i.e., Arab and Arabian Gulf countries 23%, America, Australia and Europe 14%, South Asia 29%, South East Asia 16%, Iran 4% and non-Arab African Countries 11% (43, 44) ].
Participants who took part in this study were all adults (18 y old or older); 17 (1.4%) were aged under 20 y old, 101 (8.5%) were aged 20-29; 224 (18.8%) were aged 30-39, 465 (38.9%) were aged 40-49, and 387 (32.4%) were aged 50 y and over. In terms of education levels, 68 participants (5.7%) were illiterate, 198 (16.5%) were at "read and write" level, 205 (17.1%) were at primary school education level, 240 (20.0%) were at secondary school level, 397 (33.1%) were at degree level, 78 (6.5%) had Master's degrees, and 8 (0.7%) had doctorates. The employment status of the sample was as Procedure. The research questionnaire was translated from the English original into Arabic, French, Urdu, Persian, Turkish, and Malay. All versions were also translated from these different languages into Arabic, author H.A.'s first language, to check the quality of translation. Each research assistant approached individual pilgrims in the crowd close to and inside the Holy Mosque with the questionnaire. Before each respondent provided any information, the researcher recorded the level of density in the part of the crowd where they were standing. The questionnaire took around 38 min to complete.
